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ABSTRACT OF THE DISCLOSURE 
A slit structure of an encoder for preventing the position precision at high speed operation 
from deteriorating. An encoder for measuring the rotational speed and rotational position of a rotary 
slit disc (1) by a light receiving device (4) for receiving light emitted from a light emitting device 
(2) and transmitted/reflected through/from a code pattern provided in/on the rotary slit disc (1), 
comprises a fixed slit (3) provided between the rotary slit disc (1) and the light receiving device (4) 
and having light receiving windows through which the light transmitted/reflected through/from the 
code pattern passes and which are so arranged at positions different in a radial direction of the rotary 
slit disc (1) as to have mutually different phases, wherein the lengths of the light receiving windows 
in the radial direction of the rotary slit disc (1) are greater from the inner peripheral side toward the 
outer peripheral side so that the opening area of the light receiving window on the inner peripheral 
side may be equal to that on the outer peripheral side. 
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Encoder__ 

Technical field of the invention 

The present invention relates to an optical encoder to be 
attached to a rotating axis of a servo motor/ etc., in 
particular, a shape of a light receiving window which is 
disposed above a slit into which light comes. 
Background of the arts 

An optical rotary encoder is such that a code pattern is 
provided on a rotary disk constructed of glass, etc., light 
from a light emitting element such as an LED, etc., is made 
incident into the code pattern, light transmitted through or 
reflected from the code pattern is received directly by a light 
receiving element such as a photo diode, etc., or via a light 
receiving window. And a minute current of the light receiving 
element is amplified by a circuit substrate and is converted 
to adjusted electric signals, wherein the electric signals are 
multiplied, interpolated or pulsated to detect the rotating 
speed or rotating position of the abovementioned disk. 

In the above rotary encoder, the quantity of light received 
by respective light receiving elements is not the same, and 
differences may arise in the minute current in the light 
receiving elements. Therefore, in the case where the minute 
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current is amplified by the circuit substrate and converted 
to electric signals, a difference occurs in the degree of 
amplification in the respective light receiving elements. 

Where electric signals are multiplied, interpolated or 
pulsated with respect to progress of high accuracy, if there 
is a difference in the respective basic signals, a problem in 
the frequency characteristics arises, which causes a lowering 
of the position precision at a high speed operation* 

Therefore, the present invention was developed to solve 
the above problem, and it is therefore an object of the 
invention to provide an encoder that can prevent the position 
precision at a high speed operation from deteriorating. 
Disclosure of the invention 

An encoder according to the invention is an encoder having 
a code pattern provided on a rotary disk, which detects the 
rotation speed and rotational position of the rotary disk by 
receiving light coming from a light emitting element and 
transmitted through or reflected from the code pattern by the 
light receiving element; wherein a fixed slit which is disposed 
between the rotary disk and the light receiving element so that 
a plurality of light receiving windows through which light 
reflected from or transmitted through the code pattern passes 
is disposed so as to have a difference in phase at different 
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positions in the radial direction of the rotary disk; the length 
of the light receiving windows in the radial direction is set 
so as to gradually become shorter from the inner peripheral 
side toward the outer peripheral side; and the opening area 
of the light receiving windows at the inner peripheral side 
of the fixed slit is set to be equal to that at the outer 

peripheral side. 

An encoder having a code pattern provided on a rotary disk, 
which detects the rotation speed and rotation position of the 
rotary disk by receiving light transmitted through or reflected 
from the code pattern by light receiving elements; wherein the 
light receiving elements have a plurality of light receiving 
portions to receive light, coming from a light emitting element, 
transmitted from or reflected from the code pattern, which are 
disposed so that it has a difference in phase in different 
positions in the radial direction of the rotary disk; the length 
of the rotary disk of the light receiving portions in the radial 
direction is set so as to gradually become shorter from the 
inner peripheral side toward the outer peripheral side; the 
area of the light receiving portion at the inner peripheral 
side of the light receiving element is set to be equal to that 
at the outer peripheral side. 

According to the encoder of the invention, since the length, 
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of the light receiving window or rotary disk having the shape 
of the light receiving portions, in the radial direction is 
set so as to gradually become shorter from the inner peripheral 
side to the outer peripheral side, the area of the light 
receiving windows or the light receiving portion can be set 
to be the same regardless of the position of the rotary disk 
in the radial direction. 

Brief description of the invention 

FIG* 1 is a conf igurational view of an encoder according 
to a preferred embodiment according to the invention, 

FIG. 2 is a plan view of a rotary slit disk 1 shown in FIG. 

1/ 

FIG. 3 is a detailed view showing a light receiving window 
secured at a fixed slit 3 shown in FIG. 1, 

FIG. 4 is a detailed view showing a light receiving portion 
secured at a light receiving element 4 shown in FIG. 1, 

FIG. 5 is a view showing a current waveform of the light 
receiving element 4, 

FIG. 6 is a view showing a waveform of amplified voltage, 

FIG. 7 is a view showing a rotary slit disk 1 and fixed 
slit 3 according to the preferred embodiment, and showing a 
prior art rotary slit disk 22 and fixed slit 23, 
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FIG. 8 is a detailed view of a light receiving window 
secured at a fixed slit 9 according to another embodiment, 

FIG. 9 is a detailed view of a light receiving window 
secured at a fixed slit 10 according to still another 
embodiment, 

FIG. 10 is a detailed view of a light receiving window 
secured at a fixed slit 11 according to further another 
embodiment, 

FIG. 11 is a detailed view of a light receiving window 
secured at a fixed slit 12 according to further another 
embodiment, and 

FIG. 12 is a detailed view of a light receiving window 
secured at a fixed slit 13 according to further another 
embodiment . 

Best mode for carrying out the invention 

FIG. 1 is a configurational view of a preferred embodiment 
of the invention, and FIG. 2 is a plan view of a rotary slit 
disk constituting the encoder. In FIG. 1, 1 is a rotary slit 
disk such as glass, etc., which is fixed, directly or via an 
axial joint such as a coupling, at a motor shaft for which the 
rotation position or rotating speed is intended to be detected. 
As illustrated in FIG. 2, a code pattern of the reference pitch 
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6 is provided on the rotary slit disk 1. 2 is a light emitting 
element such as an infrared LED, etc., 3 is a fixed slit, having 
a light receiving window of a shape described later, which 
transmits a parallel light beam irradiated from the light 
emitting element 2 and transmitted through the code pattern 
on the rotary slit disk 1. 4 is a light receiving element such 
as a photo diode, etc. 5 is a circuit substrate that comprising 
an amplification portion 51 which converts photo-current 
converted signals to voltage at the light receiving element 
4, a waveform processing circuit 52 for multiplication, 
interpolation and pulsation, an output circuit 53 and an LED 
drive circuit 54 . 

FIG. 3 shows light receiving windows provided at the fixed 
slit 3. Light receiving windows 31, 32, 33, and 34 located at 
different positions on the same radius are, respectively, 
disposed with a difference of 90° in the positional phase with 
reference to the basic pitch. The respective light receiving 
windows are established so that the length thereof in the radial 
direction from the outer peripheral side toward the inner 
peripheral side gradually becomes greater in order to make the 
opening area of the light receiving window on the outer 
peripheral side equal to that on the inner peripheral side. 
Light of a light emitting diode 2 such as an infrared LED, 
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etc., is irradiated in a state where the rotary slit disk 1 
is rotated at a constant speed of revolution, and light 
transmitted through the code pattern of the rotary slit disk 
1 and the light receiving window of the fixed slit 3 is made 
incident into the light receiving element 4 (See FIG. 4), 
whereby photo-current converted minute currents (See FIG. 5) 
are obtained. 

As shown in FIG. 4, respective light receiving portions 
41, 42, 43, and 44 which constitutes the light receiving element 
4, respectively, correspond to the light receiving windows 31, 
32, 33 and 34 of the fixed slit. 

In addition, since the opening areas of the respective 
light receiving windows of the fixed slit 3 are equal to each 
other, the quantities of light received by the respective light 
receiving portions of the light receiving elements are made 
equal to each other, whereby as shown in FIG. 5, the minute 
currents, that is, the minute currents 71, 72, 73, and 74 
obtained at the respective light receiving portions 41, 42, 
43 and 44 express the same intensity. 

FIG. 6 shows the results of having converted the currents 
having characteristics shown in FIG. 5 to voltage. The minute 
currents obtained at the light receiving portions are converted 
to voltage by a series resistance method, etc., by the 
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amplification portion 51. Resultantly, as shown in FIG. 6, the 
respective signals 31, 32, 33, and 84 will have a waveform 
having the same amplitude (voltage) . 

Since the signals 81, 82, 83 and 84 thus obtained have the 
same frequency characteristics when being multiplied, 
interpolated or pulsated by the waveform processing circuit 
52, no fluctuation occurs in the difference in positional phase 
at a high speed rotation, and flutter is not increased, which 
may be produced during high speed operation when carrying out 
multiplication by using a bridging circuit, etc. Also, even 
in a case where the rotating position is digitalized through 
analog-digital conversion, it is possible to achieve an encoder 
having better position precision in a wide range. 

In addition, since the length of respective light receiving 
windows, which constitute the fixed slit 3, in the radial 
direction is set so as to be gradually shorter from the inner 
peripheral side toward the outer peripheral side, it is 
possible to design to have a smaller diameter of the rotary 
slit disk 1. That is, as shown in FIG. 7, the length of the 
respective light receiving windows , which constitute the prior 
art fixed slit 23, in the radial direction is set so as to be 
the same in all the radial directions of the rotary slit disk 
22. On the other hand, since the length of the respective light 
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receiving windows, which constitute the fixed slit 3 of the 
embodiment, in the radial direction are set to be gradually 
smaller toward the outer peripheral side, the diameter of the 
rotary slit disk 1 can be designed to be smaller in line 
therewith . 

Also, as shown in FIG. 3 and FIG. 9, the encoder is such 
that, in order to increase resolution power, a plurality of 
light receiving windows 91, 92, 93, and 94, and 101, 102, 103 
and 104 (groups of the light receiving windows) of the same 
phase are, respectively, formed in the slits 9 and 10. However, 
in this case, the total sum of the opening areas of the light 
receiving windows of the same phase and the total sum of the 
opening areas of the light receiving windows of the other phase 
are set so as to be equal to each other. 

In addition, as shown in FIG. 10, in a construction where 
the fixed slit and light receiving elements are made common, 
that is, in a construction where a slit is formed on a photo 
diode, the length of the respective light receiving portions 
111, 112, 113, and 114 of the light receiving element 11 in 
the radial direction is set so as to become gradually longer 
from the outer peripheral side toward the inner peripheral side, 
whereby the areas of the respective light receiving portions 
are set so as to become equal to each other. 
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Further, as shown in FIG . 11 and FIG. 12, in a construction 
where the fixed slit and light receiving elements are made 
common, that is, in a construction where a slit is formed on 
a photo diode, a plurality of light receiving portions 121, 
122,. 123, 124, and 131, 132, 133 and 134 (group of light 
receiving portions) of the same phase are provided at the light 
receiving elements 12 and 13, corresponding to the f ixed slits 
9 and 10 shown in the previous drawings FIG, 8 and FIG. 9, and 
the total sum of the area of the light receiving portions of 
the same phase and the total sum of the areas of the light 
receiving portions of the other phase are set so as to be equal 
to each other * 

As described above, the encoder of the invention is an 
encoder having a code pattern provided on a rotary disk, in 
which light coming from a light emitting element and 
transmitted through or reflected from the code pattern is 
received by the light receiving element, and that detects the 
rotation speed and rotational position of the rotary disk; 
wherein a fixed slit is disposed between the rotary disk and 
the light receiving element so that a plurality of light 
receiving windows through which light reflected from or 
transmitted through the code pattern passes are disposed so 
as to have a difference in phase at different positions in the 
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radial direction of the rotary disk; the length of the light 
receiving windows in the radial direction is set so as to become 
gradually shorter from the inner peripheral side toward the 
outer peripheral side; and the opening area of the light 
receiving windows at the inner peripheral side of the fixed 
slit is set to be equal to that at the outer peripheral side; 
or the encoder having a code pattern provided on a rotary disk, 
which detects the rotation speed and rotation position of the 
rotary disk by receiving light transmitted through or reflected 
from the code pattern by light receiving elements; wherein the 
light receiving elements have a plurality of light receiving 
portions to receive light, coming from a light emitting element, 
transmitted from or reflected from the code pattern, which are 
disposed so that they have differences in phase in different 
positions in the radial direction of the rotary disk; the length 
of the rotary disk of the light receiving portions in the radial 
direction is set so as to gradually become shorter from the 
inner peripheral side toward the outer peripheral side; the 
area of the light receiving portion at the inner peripheral 
side of the light receiving element is set to be equal to that 
at the outer peripheral side. 

Therefore, the amount of light which the light receiving 
elements receive can be made the same regardless of the position 
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of the rotary disk. Accordingly, it is possible to prevent an 
increase in high speed flutter arising due to fluctuations of 
the difference in the phase at high speed operation or v/hen 
performing multiplication using a bridging circuit, etc. Also, 
even in a case where the rotational position is converted to 
digital signals by analog-digital conversion, it is possible 
to provide an encoder which enables better rotational precision 
over a wide range. Further, since the area of the light 
receiving windows and that of the light receiving portions can 
be made equal to each other regardless of the positions of the 
rotary disk, the length in the radial direction is set so as 
to gradually become shorter from the inner peripheral side 
toward the outer peripheral side. Therefore, the diameter of 
the rotary disk can be designed to be smaller than that of the 
prior art disks. In particular, an encoder having a number of 
tracks having high resolution power can be small in size. 

Industrial applicability 

An encoder according to the invention detects the rotation 
speed and position of a rotating axis of a servo motor, whereby 
it can be utilized where rotational position' and speed are 
intended to be controlled at a very high precision. 
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What is claimed is: 

1 . An encoder having a code pattern provided on a rotary disk, 
which detects the rotation speed and rotational position 
of the rotary disk by receiving light coming from a light 
emitting element and transmitted through or reflected from 
said code pattern by said light receiving element; wherein 
a fixed slit which is disposed between said rotary disk 
and said light receiving element so that a plurality of 
light receiving windows through which light reflected from 
or transmitted through the code pattern passes is disposed 
so as to have a difference in phase at different positions 
in the radial direction of the rotary disk; the length of 
said light receiving windows in the radial direction is 
set so as to gradually become shorter from the inner 
peripheral side toward the outer peripheral side; and the 
opening area of said light receiving windows at the inner 
peripheral side of said fixed slit is set to be equal to 
that at the outer peripheral side. 
2. An encoder as set forth in Claim 1, wherein said light 
receiving windows are a group of light receiving windows, 
consisting of a plurality of light receiving windows 
disposed on the same radius at the same phase, and the total 
sum of the opening areas of light receiving windows of the 
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same phase and the total sum of light receiving windows 
of the other phase are set to be equal to each other. 
An encoder as set forth in Claim 2, wherein said groups 
of light receiving windows are disposed in a plurality on 
the same radius . 

An encoder having a code pattern provided on a rotary disk, 
which detects the rotation speed and rotation position of 
said rotary disk by receiving light transmitted through 
or reflected from said code pattern by light receiving 
elements; wherein said light receiving elements have a 
plurality of light receiving portions to receive light, 
coming from a light emitting element, transmitted from or 
reflected from said code pattern, which are disposed so 
that they have differences in phase in different positions 
in the radial direction of said rotary disk; the length 
of said rotary disk of the light receiving portions in the 
radial direction is set so as to gradually become shorter 
from the inner peripheral side toward the outer peripheral 
side; the area of the light receiving portion at the inner 
peripheral side of the light receiving element is set to 
be equal to that at the outer peripheral side. 
An encoder as set forth in Claim 4, wherein said light 
receiving windows are a group of light receiving windows, 
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consisting of a plurality of light receiving windows 
disposed on the same radius at the same phase, and the total 
sum of the opening areas of light receiving windows of the 
same phase and the total sum of light receiving windows 
of the other phase are set to be equal to each other, 
6. An encoder as set forth in Claim 5, wherein said groups 
of light receiving windows are disposed in a plurality on 
the same radius. 
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42.266: N icholas E. Secbl, Reg. No. 44,373: Raymond J. Ho, Reg. No, 41.838 : Thomas E. Brown, Reg'. N o, 44,450: and Jamas N. Baker. 

I | Rfeg, No . 40,899. 

V 

Please direct all corammiicatioria to the following address: ^ARMSTRON G, WESTERMAN, HATTORJ, 

McLELAND & N MIGJnntjL 
0725jLStr£e^^ 

"^Telephone: (202) 659-2930 Fax: (202) 887-0357 

I hereby declare that all statements made herein of ray own knowledge are true and that all statements made on inf ormation and belief 
are believed to he true; and further that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Tide 18 of the United States Code, § 1001 and that such willful false 
statement may jeopardize the validity of the application or any patent issued thereon. 



(See note C Full name of sole or first inventor (given name, family name) Yoshihlro $AKAl 

above) ^ yi^^^€^ jJ^S^ fa*n&/6 

ff\j Inventor's signature sf . _ u* 1 * — a. 

Residence Kitakvushu-shi. Fukaoka. JAPAN A citizen$bip I&E3S 



Post Office Address *f« ^Willd Kflisha Yask awa Denki. 2-1. Kurosafel-STfirfti^i, Yahatantahl- 

kti. KltakvushiTshi. Fukiio Tr* MM-nntM. JAPAN 



] Eljl name of second inventor (given name, family name) fllflenflrl HASEGAWA — 

signature _AJ 1 <*/ *^ ~* * • H*l±J?J^^£U Date Jwtf tb' >QO ° 

liidence T^w^u-shi. F nkuoka. JAPAN "W^ Citizenship _Mm - 



lost Office Address "h ™— »™ ™**"> v^™ » g^WldJIitrcMd. YahatanifihMtu, KitflhTT i alm-ffMi 

Fukuoka JAPAN . — 



fell name of third inventor (given name, family name) 



M^entot's signature 0316 - 

Residence . • Citizenship 

Post Office Address _ ■ 



Rev. 4/00 



